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I. INTRODUCTION 
The soybean (Glycine max (L.) Merr.) has gained world-wide recog­
nition both for its high productivity of quality products = namely, 
protein and oil = and for its low yielding performance. It is under =• 
standable therefore, that much of the current research interest in this 
legume crop is concentrated on the identification of the physiological 
limits to its yield potential. This study reflects such an interest. 
Field experiments in Iowa (Garcia, 1976; Garcia and Hanway, 1976) 
have shown that soybean yield increases of 0,5 to 0.8 metric tons/ha. 
can be obtained with foliar application of an N-P-K-S solution during 
seed-filling. Thus, foliar fertilization of soybeans during the seed-
filling period appears to offer a potential for significant yield 
increases. It would seem worthwhile, indeed, to identify and evaluate 
the physiological changes associated with such yield responses. 
In accounting for the yield increases obtained from foliar fertili­
zation, Garcia and Hanway (I9?ô) hypothesized that foliar fertilization 
during seed-filling serves to arrest the decline of nutrients in the 
vegetative plant parts and, thereby, prolong the period of high assimi-
latory capacity by delaying the onset of senescence. 
The objective of this field study was to investigate that hypothesis. 
This research was supported by a grant from the Tennessee Valley 
Authority. 
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II. LITERATURE REVIEW 
A, The Seed-Filling Period and Yield 
It is an important and recurring point in the literature that the 
seed-filling period in soybeans, as well as in other legume crops, is 
characterized by the mobilization of nutrients from the vegetative 
parts and the monopolization of assimilates by the developing seeds. 
Studies by Hanway and Weber (1971b) on the seasonal distribution of 
nutrients in soybeans indicate that, considering fallen leaves, 6%6 of 
the nitrogen, 75^  of the phosphorus and 5®^  of the potassium absorbed 
by the plant are contained in the seeds, approximately half of which 
are mobilized from the vegetative parts. Comparative results have 
been reported by Henderson and Kamprath (1970) and Konno (1977). 
Apparently, considerable variation exists in the relative effi­
ciencies of mobilization of different mineral elements. This hsis 
been observed to be true not only for soybeans, but also for a variety 
of other legume crops (Hocking and Pate, 1977). N, P and K constitute 
a highly mobile group, usually retrieved with 60-9(% efficiency 
(Hocking and Pate, 1977) with Mg, Zn, fe and Cu, as a group, mobilized 
at 20-609é, Both the vegetative parts and the pods (Hanway and Weber, 
1971b; Atkins et al., 1977; Hocking and Pate, 1977) of soybeans and 
other legume crops seem to serve as a reservoir for mineral nutrients 
during the early growth period, with a large proportion of these 
nutrients being redistributed, with varying efficiencies, to the seeds 
during seed-filling to sustain seed t^ rowth.. It is understandable, 
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therefore, that nutrient.depletion in the vegetative parts of the soybean 
during the seed-filling period has received recognition as a major 
factor involved in the determination of soybean yields. This recognition 
is reflected in the speculations in the literature on the physiological 
limits to the yield potential of soybeans. 
It has been speculated (Shibles et al., 1975) that the decline in 
nutrient accumulation rate and the retranslocation of nutrients from 
vegetative plant parts to the seeds during seed-filling occur because 
of inadequate availability of photosynthates to meet the requirements 
for sustained nutrient uptake and nitrogen fixation, and for seed-
development. This speculation derives its support from the results of 
carbon dioxide enrichment studies on field-grown soybeans (Hardy and 
Havelka, 1975; Hardman and Brun, 1971) and supplemental light studies 
(Johnston et al., 1969; Lawn and Brun, 1974)» These studies indicate 
increased rates of both nitrogen fixation and photosynthesis, and 
increased seed yields, with carbon dioxide enrichment and light 
supplementation. The direct effect of the retranslocation of nutrients, 
according to this view, is the enhancement of senescence rate, thereby 
restricting the period of high assimilatory capacity during seed-filling, 
with the consequent limitation of seed yield. 
According to Sinclair aiid dew'it (1975, 1976) the soybean is self-
destructive, in that the duration of the effective seed-filling period 
is limited by the inadequate rate of nitrogen uptake during this 
period, with the hypothesis that the high reproductive demand of this 
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plant for nitrogen is met by mobilization from the leaves. The result 
is the accelerated loss of physiological activity. 
The underlying implication of these speculations is the proposition 
that the assimilatory capacity of the plant during the seed-filling 
period is a major determinant of soybean yields, and that it is 
profoundly undermined by the depletion of nutrients in the vegetative 
parts. 
Three major functional or physiological processes are involved in 
yield formation - namely, photosynthetic rate, photosynthetic duration, 
and photosynthate partitioning. In order to increase the seed produc­
tivity of a crop, therefore, one would seek to optimize each of these 
three factors or processes. In current commercial cultivars of soybeans, 
however, photosynthate partitioning does not seem to pose a barrier to 
seed yield. From their analysis of growth of soybean communities, 
Roller et al, (1970) observed that, once seed development begins, most 
of the assimilate goes into the seed. Thus, any attempt to improve 
soybean yields should aim at the cultural and physiological manipulation 
of either the photosynthetic efficiency or the photosynthetic duration 
during the seed-filling period: 
The assimilatory capacity referred to above would thus depend on 
the duration and efficiency of the photosynthetic system, both of 
which are vulnerable to the effects caused by the depletion of nutrients 
in the leaves. The application of nutrients directly on the assimila­
tory surfaces might have the immediate and direct effect of arresting 
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the depletion of nutrients, and thereby, delay the decline in assimila-
tory capacity with consequent yield increases, and also prevent the 
decline in carbohydrate levels in the vegetative parts. 
Although the association between photosynthetic rate per unit 
area and yield has been considered tenuous (Wallace et al., 1976)» 
photosynthesis during the storage or seed-filling period has been 
shown to be a significant factor in the determination of seed yield 
(Hardman and Brun, 1971; Krenzer and Moss, 1975; Evans, 1975; Peet 
et al., 1977; Ashley et al., 1977). 
Under normal agronomic conditions, according to Evans (1975), over 
9096 of the yield in soybeans is derived from photosynthesis during the 
seed-filling period. Hardman and Brun (1971) found no effect of carbon 
dioxide enrichment prior to flowering on either total dry matter or 
seed yield in soybeans, whereas enrichment during pod-filling increased 
seed yield by 37%« Krenzer and Moss (1975) and Austin et al. (1977) 
reported similar results for wheat, Triticum aestivum (L.). High 
yielding soybean cultivars according to Curtis et al. (I969) and 
Dornhoff and Shibles (1970), tended to have high leaf photosynthetic 
rates. Significant correlations between leaf photosynthesis at seed-
filling and seed yield, have been reported for dry beans (Phaseolus 
vulgaris L.) and soybeans (Peet et al., 1977; Ashley et al., 1977), 
suggesting that the relationship or the relevance of leaf photosynthesis 
to seed yield is a function of developmental stage. As explained by 
Bhagsari et al. (1977), since total photosynthate supply is a summation 
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of net performance of individual leaves in the canopy, leaf photo-
synthetic rate is related to productivity, if only in an indirect manner. 
B, Senescence in Monocarpic Plants 
There is strong, though circumstantial, evidence in the literature 
indicating the involvement of fruits or seeds in the triggering of 
senescence in raonocarpic plants, including soybeans. The removal of 
flowers, fruits, or seeds has been shown to either prevent, or at 
least delay, the onset of senescence in various plants (Molisch, 1928; 
McAlister and Krober, 1958; Leopold et al., 1959; Lockhart and 
Gottschall, 1961; Hicks and Pendleton, 1969; Wareing and Seth, 196?; 
Lindoo and Nooden, 1976). Lindoo and Nooden (1976) observed that the 
onset of senescence in Anoka soybeans, as judged by leaf yellowing, 
coincided with rapid pod filling, when seeds were undergoing their 
maximum growth, and that removal of all pods just prior to pod filling 
prevented senescence. 
A major problem aasociated with studies on senescence- as 
Wittenbach (1977) pointed out, is the difficulty involved in separating 
possible causal changes from those which are only effects of senescence. 
Considering the reported mobilization of nutrients from the leaves and 
other vegetative parts coincident with development of seeds, and 
considering also the roles of the nutrients in vital physiological 
processes, it would seem that senescence can be induced in monocarpic 
plants by the depletion of needed nutrients in the vegetative plant 
parts by the fruits. 
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A number of speculations on the mechanism of fruit-induced 
senescence in monocarpic plants have been documented. According to 
Molisch (1928), senescence results from the exhaustion, by fruits, of 
organic materials in other parts of the plant. As pointed out by 
Simon (I967), since the continual turnover of proteins is believed to 
occur in leaves (Steward, 1965; Eacusen and Foote, 1962; Hellebust and 
Bidwell, 1964; Oaks and Bidwell, 1970; Huffaker and Peterson, 1974), 
the loss of proteins from the leaves could then be due to translocation 
out of the leaves of amino acids and amides, thereby enhancing brealc-
down over synthesis of proteins* According to Bidwell et al. (1964), 
the amino acids released during protein breakdown might not be re-
utilized for synthesis i^  situ. Instead, the breakdown products from 
protein turnover may be translocated from the leaves to the developing 
pod and seeds. In 1974, Pate et al. provided evidence to support 
this hypothesis by showing that phloem loading in the leaf draws upon 
amino acids released during txirnover, and Hopkinson (I966) measured 
mobilization of nitrogen from the supply leaf before there was visual 
evidence of senescence (chlorophyll loss). Pate and Flinn (1973) found 
that the release of nitrogen from pea, Pisum sativum (L.), leaves 
increased during aging and concluded that the mobilization of nitrogenous 
reserves from the supply organs was a continuous process which gathered 
momentum as the seed developed. However, whereas this effect may well 
be an important factor in the senescence of attached leaves, it clearly 
cannot be the only factor in detached leaves and leaf discs (Martin and 
Thimann, 1972). ' 
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The observations of Chibnall (1939), that the development of roots 
on the petioles of detached leaves arrested protein breakdown and sene­
scence , led to the speculation that roots supply substances which are 
necessary for maintaining the protein content and viability of leaves, 
with the hypothesis that developing fruits induced senescence either by 
reducing root metabolism ' due to the monopolization of assimilates or by 
monopolyzing the senescence-delaying substances supplied by the roots 
(Wareing and Seth, 196?)» Such hormonal explanations are supported by 
the many studies and the array of observed effects of the five groups 
of plant hormones on leaf senescence (Osborne, 196?; Woolhouse, 1974). 
The involvement of root-produced hormones in the regulation of leaf 
senescence was not, however, supported by studies with Anoka soybeans 
(Lihdoo and Nooden, 1977). Instead, the involvement of a seed-produced 
senescence signal has been indicated (Woolhouse, 1974; Lindoo and 
Nooden, 1977). Such a signal, apparently, cannot account for sequential 
leaf senescence (Woolhouse, 1978), since the early leaves on almost all 
plants senesce long before fruiting. 
Storey and Beevers (1977) concluded, from their work on proteolytic 
activity in leaves and pods during seed development in the pea plant, 
that during senescence the endogenous leaf proteins become progressively 
more accessible to degradation by existing proteolytic enzymes. This is 
in contrast to the proposition that protein mobilization may be con­
trolled by the level of proteolytic enzymes in the leaf tissue in cereals 
(Balling et al., 1977; Martin and Thimann, 1972; Peterson and Huffaker, 
1975; Feller et al., 1977). 
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G. Foliar Nutrient Content and Photosynthesis 
The decline in photosynthetic rate with leaf or plant age, particu­
larly during the seed-filling period in soybean and several other 
crops, has been widely reported, Photosynthetic rate was found to be 
related to leaf and plant age in sorghum (Sorghum bicolor L.), (Naylor 
et al., 1975a)» in tobacco (Kicotiana tabacum L.), (Kisaki et al., 1973; 
Rawson and Woodward, 1976), in maize, (Zea mays L.), (Moss, 1962; 
Musgrave, 1971; Vietor et al», 1977), in the bean plant (Fraser and 
Bidwell, 1974) and in soybeans (Naylor et al., 1975b; Woodward and 
Rawson, 1976; Zhailibaeu and Khasenov, I966). 
Since mineral elements act not only by participating directly in 
biochemical reactions, becoming a part of the intermediates and final 
products, but also by influencing the synthesis and activity of enzymes 
including those of carbon metabolism (Kelly et al,, I976; Jensen, 
1977)» the depletion of nutrients in the leaves during the reproductive 
stage would seem to be directly related to the decline in photosynthetic 
rate as well as other vital physiological processes. 
widely varying results and conclusions are reported in the litera­
ture concerning the effects of nutrients on photosynthesis. Ryle and 
Hesketh (I969), Nevins and Loomis (1970), Ojima (1972), Avdeeva and 
Andreeva (1973) and Osman et al, (1977) have reported a close relation­
ship between foliar nitrogen concentration and photosynthetic rate in 
maize, sugar beet (Beta vulgaris L,), soybeans, wheat, and maize 
respectively; but, Dale (1972) failed to establish this link in barley 
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(Hordeum vulgare L,), Avdeeva and Andreeva (1973) in the broad bean, 
and Thomas and Thome (1975) and Natr (1972) in wheat. 
Information on the effects of phosphorus and potassium on photo-
sypthesis is equally varied. Decreasing phosphorus supply caused a 
decrease in photos^ thesis in spinach (Spinacia oleracea L.) (Bottrill 
et al., 1970), in sugar beet (Terry and Ulrich, 1973a), and in wheat 
(Osman and Milthorpe, 1971), though Andreeva and Persanov (1970) and 
Osman et al. (1977) did not find this in bean leaves or in wheat. 
According to Moss and Peaslee (I965), Terry and Ulrich (1973b), and 
Ozbun et al. (1965a, 1965b), photosynthesis was related to the potassium 
status in maize leaves, sugar beet and beans, contrary to results of 
Osman and Milthorpe (1971) and Osman et al. (1977) in wheat. Natr and 
Purs (1969) concluded that no general conclusion regarding the rate of 
photosynthesis of a leaf may be drawn from its N, P and K concentration. 
Discrepancies exist in the literature not only with respect to the 
effects of nutrients on photosynthesis rate, but also in the biochemical 
evidence. 
On the effect of nitrogen on photosynthesis, varying emphasis has 
been placed on the role of leaf area (Andreeva et al., 1972; Dale, 1972; 
Osman et al., 1977), leaf protein (Avdeeva and Andreeva, 1973; Kevins 
and LoomiSj 1970; Medina, 1971), carbcxylaticn or mesophyll resistance 
(Kevins and Loomis, 1970; Ryle and Hesketh, 1969), and stomatal 
resistance (Natr, 1972). Terry and Ulrich (1973a) attributed the 
reduction in photosynthesis in phosphorus-deficient leaves to both 
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mesophyll and storaatal resistances; low rates of photosynthesis in 
potassium-deficient leaves has also been shovm to be associated with 
stomatal resistance (Cooper et al., 196?; Peaslee and Moss, I966) and 
mesophyll resistance (Terry and Ulrich, 1973b). 
With the tremendous amount of variation in experimental plant 
materials, experimental techniques, and in the age of the plant 
materials used, such inconclusive results should be expected. The 
evidence seems clear however, that under low or deficient nutrient 
conditions, as obtained by Nevins and Loomis (1970), Peaslee and Moss 
(1966) and Terry and Ulrich (1973a, 1973b) among others, photosynthetic 
rate is reduced. 
The decline in photosynthetic rate with age of leaves or plants also 
seems to be closely associated with increases in either stomatal 
resistance (McPherson and Slatyer, 1973; Pasternak and Wilson, 1973; 
VanDenDriessche et al., 1971) or mesophyll resistance (Beardsell et al,, 
1973, Bierhuizen and Slatyer, 1964; Gaastra, 1959; Hodgkinson, 1974; 
Woodward and Rawson, 1970. The simultaneous control of photosynthesis 
by both resistances has also been reported (Fraser and Bidwell, 1974; 
Kriedemann, 1971; Ludlow and Wilson, 1971)« 
Such age effects may relate to nutrient status. The enzyme 
carbonic anhydrase is thought to be involved in facilitating the trans­
port of carbon dioxide to carboxylating sites (Graham and Reed, 1971). 
Thus, if the transfer of carbon dioxide through membranes en route to 
the carboxylation sites is enzyme-mediated, then enzyme concentrations 
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may influence the rate of transfer. Also, the activity of ribulose 
bisphosphate carboxylase, the primary carboxylation enzyme in plants, 
decreases as leaves age and is positively correlated with photosynthetic 
rate (Bjorkman, I968; Neales et al,, 1971; Wareing et al., I968; 
Woolhouse, 1967), thus suggesting an increase in the biochemical compo­
nent of mesophyll resistance, which, according to Bowes et al. (I972), 
Steer (1972), Wareing et al. (I968) and Woolhouse (I968), might well be 
as significant a factor in limiting photosynthetic rate as the physical 
impedence to CO^  transfer. Maintaining a high nutrient status in the 
leaves therefore, should help arrest changes in resistances and delay 
the decline in photosynthetic rate or assimilatory capacity by either 
sustaining the synthesis of enzymes and other proteins for a longer 
time or delay their degradation, or both. 
D. Conclusions 
There is, thus, little concensus at the present time on the 
mschanism of ssnsscsnco in.plants. The changes occurring in nutrient 
levels in the various plant parts, in rates of protein and nucleic 
acid synthesis and degradation, and in photosynthetic rate, which are 
integral phases of the senescence process, do seem to impose a physio­
logical barrier to the productivity of monocarpic plants. An under­
standing of how and why they come about is important for devising 
strategies for maximizing crop yields. 
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III, EXEERIMENTAl PROCEDURE 
A, Site 
This study was conducted in two consecutive soybean growing 
seasons, in 1976 and 1977, at the Hinds Experimental Site in Ames, 
Iowa. 
The land was in a soybean-oats crop sequence, and the oats, each 
year, were cut at the milk stage, but the forage was not removed. In 
the fall of each year, the land received a 40N-45P-90K kg/ha fertilizer 
application which was incorporated by chisel-plowing. The pre-plant 
herbicide, trifluralin (a,a,a-trifluoro-2,6-dinitro-N,N-dipropyl=p= 
toluidine) was applied each year at the rate of O.85 kg/ha. 
Be Plant Material and Culture 
In 1976, two soybean cultivars, Hark and Chippewa, were used in 
a split-plot design, with treatments as main plots and cultivars as 
subplots in 4 replications. The two cultivars, which have different 
parentage, were used in an attempt to determine whether there was a 
differential cultivar response to the treatment. A single cultivar, 
Corsoy, was used in 1977 in a randomized complete block design with 
5 replications. The selection of Corsoy was based on its reported 
responsiveness to foliar fertilization (Garcia, 1976; Garcia and 
Haaw-ay, 1976), 
The soybeans were planted on May 19, I976 and on May 13, 1977 in 
five-row plots with a multi-row planter mounted on a tractor. In both 
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years the plots were 6.1 meters long, with 105 cm between rows in 1976 
and 35 cm between rows in 1977* The rather wide row-width used in 1976 
was to permit easy access into the plots for sampling and photosynthesis 
measurements. In 1977» the row-spacing was reduced in order to raise 
the yield level and, it was hoped, the potential for response to the 
treatments* The between-plot spacing was 105 era and offered access 
for sampling. 
The plants were hand-thinned to 13 plants per meter of row on 
June 9, 1976 and on May 31, 1977, giving population densities of 
123,800 and 371,^ 0 plants per hectare for tne respective years. 
Plots were kept weed-free, in both years, by hand-weeding and 
hand-hoeing, and were flood irrigated as necessary in 1976. In 1977, 
plots were irrigated using a trickle system, and a total of about 
204 mm of water was applied over the growing season. Both years were 
dry. Monthly rainfall for June, July and August, 1976, was 28.7 mm, 
23.9 mm and 11.2 mm, respectively. In 1977, the monthly rainfall 
figures for the same period were 20*3 mm, 69.1 mm and 312.5 mm. 
The plants were made to grow through a plastic net, staked over the 
plots, to prevent lodging in 1977. Two adjacent plots constituted 
an experimental unit in 1977; one plot served as a sampling plot with 
sampling restricted to the middle three rows, and the other plot as 
a yield plot. In 1976, rows 2 and 4 were used for sampling and the 
middle row was left intact for yield harvest. 
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C. Treatments 
The treatments consisted of foliar application of a balanced 
fertilizer solution during the seed-filling period and an untreated 
check in 1976, with an additional treatment in 1977 consisting of 
soil-applied fertilizer solution at beginning seed filling. 
The fertilizer solution consisted of N, P, K and S in 1976, 
applied at the rate of 80-8-24-4- kg/ha, and of N, P, K, S, Zn and B 
at the rate of 80-8-24-4-0,07-0.054 kg/ha in 1977. 
Urea (45-0-0) was used as the primary source of nitrogen, potassium 
polyphosphate (0-11-20) was the source of phosphorus and part of the 
potassium. Potassium sulfate (0-0-44-18) provided the sulfur and 
additional potassium in 1976, whereas in 1977, potassium nitrate (13-0-
38) provided additional potassium and nitrogen, and sulfuric acid 
(O-O-O-32) provided the sulfur. Boric acid (17?° B) and ZnSO^  • 7^ 2^  
(21=^ 3 Zn) provided the boron and zinc, respectively. 
The use of HgSO^  as a source of sulfur in 1977 also had the 
effect of lowering the pK of the fertilizer solution to $.2$, a 
favorable pH for foliar nutrient uptake (de Datta and Moomau, I965). 
The inclusion of the two mieronutrients was in accord with the reported 
decline in. their levels, late in the season, in the vegetative parts 
of soybeans (Haiiway, 1976). 
The actual amounts of materials used to obtain the desired 
quantities of nutrients are shown in Table 1. 
To avoid or minimize leaf burn, four equal applications of the 
solution, at the rate of 0.8 liters per plot per application, were made 
I 
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Table 1. Nutrient sources and amounts used in fertilizer solutions. 
Source Total kg/ha 
1976 1977 
Urea 178.8 170.3 
K-polyphosphate 71.5 72.7 
K2S0z^ 22.3 — 
KNO3 — 12.3 
HgSOi^  — 6.3 
H2BO3 — 0.41 
ZnSO^  • THgO — 0.25 
Tween 80 (0.1%) 10 liters 6,7-liters 
Total volume 1000 liters 740 liters 
in 1976, and five applications were made in 1977 at the rate of 0.162 
liters per plot per application. The soil application in 1977 consisted 
of the same total amount of nutrients as applied in the five foliar 
sprays, but it was made in one application a day before the first 
foliar application was made. The solution was sprayed along two 
trickle irrigation lines, equally spaced and running lengthwise through 
the plots, and then irrigated-in with about 40 mm of water. 
The foliar applications of the solution were done using a 3.8 liter 
portable pressure sprayer (B & G Equipment Co., Plumsteadville, Pa= 
U.S.A.) with a controlled air pressure of 2.8 kg/cm^  in 1976 and 2.1 kg/ 
2 
cm in 1977, and with the nozzle set to emit a fine spray film when held 
about 45 cm above the canopy. All foliar sprayings were done after 
sunset, on Fridays between 2000 and 2100 hours (CDT), except for the 
fifth application in 1977 which was made on a Sunday. 
The foliar applications were made at approximately weekly intervals 
beginning at developmental stage R5 (beans beginning to develop at the 
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uppermost node with a fully expanded leaf; Fehr et al,, 1971). The 
first and final applications were on August 6 and 28, 1976 and on 
July 29 and August 28, 1977, respectively. Spraying was delayed a 
day or two whenever the intended application time was windy or rainy, 
D. Sampling Procedures 
Samples, for the determination of treatment effects on the onset 
of senescence and leaf blade nutrient concentration, were taken at 
approximately weekly intervals in both years, beginning July 26 in 
1976, and July 22 in 1977 — twelve and seven days respectively prior 
to the first foliar application — and terminated at physiological 
maturity (leaf senescence) in 1976, but about two weeks earlier in 
1977. 
The criteria used to judge the onset of senescence were; 
(a) the time-course of leaf blade total photosynthetic rate, 
and (b) the time-course of leaf blade chlorophyll, soluble protein, 
and a-aaino nitrogen contents 
For determination of the latter (b) attributes and N, P and K concen­
tration in 1976, leaf blade samples were taken at three leaf positions 
in the canopy — namely; the 4th, 6th and 8th nodes from the top, 
which were designated as leaf positions 1, 2 and 3, respectively. 
Leaf position 1 was the latest fully expanded leaf. In 1977, only 
leaf positions 1 and 3 were sampled. 
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Each leaf position sample in 1976 was composed of l6 lateral 
leaflets, 2 from each of 8 randomly selected plants, whereas 8 laterals, 
2 from each of 4 plants plus all three leaflets from a fifth plant, 
were composited for a sample in 1977. 
Leaf samples were taken between 0900 and 1000 hours (CDT), placed 
in moist polyethelene bags and taken to the laboratory on ice, and 
rinsed once in distilled water to remove spray materials before pro­
ceeding with analyses as described in the next section. In 1976, 
because of the large amount of samples taken and in order that the 
chlorophyll and amino nitrogen determination be completed and the 
protein extraction started on the very day of sampling, leaf samples 
were taken in two stages. Replications 1 and 2 were sampled on Mondays, 
3 days after each foliar nutrient application during the treatment 
period, and replications 3 and 4 were sampled 2 days later (Wednesdays). 
Leaf sampling in 1977, however, was completed in a single day and was 
done on Mondays — treatments being applied on Fridays. 
Total photosynthesis rate was measured on the remaining attached 
terminal leaflets of positions 1 and 3 only a day or two subsequent to 
the sampling of the laterals for biochemical analyses. There were a 
total of 8 measurements per plot per leaf position at each sampling 
date in 1976; but only 4 per plot per position in 1977= Measurements 
were made between 1200 and 1500 hours in 1976 and between 1100 and l400 
hours in 1977 and were delayed one day if the morning of the intended 
sampling date was overcast. In 1977, due to prolonged overcast weather 
conditions, photosynthesis measurements were terminated about two weeks 
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before physiological maturity. 
For total nonstructural carbohydrate determination, total above-
ground vegetation of 4 contiguous plants per plot was sampled between 
1100 and 1300 hours at bi-weekly intervals in 1977» starting a day 
prior to the first spray application. This material was separated 
into leaf blades, petioles, stems, pods and seeds (when present), 
wrapped in polyethelene bags, and stored in a freezer until lyophilized. 
After lyophilization, using a Virtis, Model USM=15 freeze-dryer, the 
material was ground in a Wiley mill to pass a 1 ram mesh screen and 
then stored in glass bottles for later analysis, 
E, Measurements, Analyses and Calculations 
1. Total photosynthesis (TPs) 
l4 Photosynthesis was measured using the CO^  method described by 
Incoll and V/right (1969)1 with the apparatus attached to a wooden stand 
in 1976 and mounted on a two-wheeled cart in 1977» to facilitate 
portability in the field. 
l4 Using a clamp-on leaf chamber, 20-second pulses of CO^ -containing 
air — specific activity O.36 mCi/mmol CO^  in 1976 and 0.49 mCi/mmol 
in 1977, and yliters/liter CO^  — were supplied to both the abaxial 
2 
and adaxial surfaces of 1=25 cm sections of the leaflet while still 
attached to the plant. To locate the position of the exposed area on 
a leaflet after the chamber had been removed, a mixture of zinc oxide 
and glycerol was applied to the top gasket of the exposure chamber. 
During exposure the exposure chamber and the attached leaflet were 
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oriented normally to the sun to saturate the exposed section with 
light. The flow rate of the gas over the leaflet surface was 150 ml/ 
min, a rate previously shown to maximize uptake» 
A disc from the exposed leaf section was punched out immediately 
after exposure and dropped into a scintillation vial containing 1 ml 
Nuclear-Chicago Solubilizer (NCS), After digestion at room tençerature 
for at least 48 hours, the sample was bleached with 1 ml of a saturated 
solution of benzoyl peroxide in toluene. This solution was prepared 
by heating toluene to 60 C in a steam bath then dissolving 6 g of 
benzoyl peroxide in 30 ml of toluene» The mixture was rapidly cooled 
to 25 C, allowed to set for 1 hr, filtered and stored in the dark 
until used. A new bleach solution was made for each series (day) of 
exposures. 
Eighteen milliliters of scintillation cocktail, Spectrafluor 
PPO-POPOP Concentrated Liquid Scintalator (Amersha^ /Searle Co., 
Arlington Heights, Illinois, U.S.A.) diluted at the rate of 64 ml/liter 
of toluene and containing 6.4 g PPO and 80 mg POPOP per liter of 
toluene after dilution, were added and the radioactivity determined in 
a scintillation spectrometer (Packard Tri-Carb, Model 3320). 
Internal standards were used to indirectly determine counting 
afîiciêacies. Commercially prepared, sealed, quenched standards were 
used to construct a quench-correction curve, using regression analysis, 
for each sampling date. Counting efficiency, for each sample, was 
calculated from the regression equation, using the sample Channel B 
to Channel A ratio as the dependent variable. 
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The 0.3:1.0 channel ratio for least quenched standards was used 
with the following instrument settings: 
Channel A 50-1000 
Channel B 50-100 
The gain control in both channels was set at 6.4. 
The measurements made were of gross or total or true photosynthesis, 
since it is unlikely that, with the short time of exposure and rapid 
l4 
excision of the disc from the exposed section, much of the COg taken 
up would have been lost in photorespiration (Fraser and Bidwell, 1974). 
Total photosynthetic rates in nmol/s • cm were calcuated, without 
correction for isotopic discrimination, using the following formula: 
where cpm = sample channel A counts per minute 
eff = efficiency of counting for the sample 
K = conversion factor for dpm to nCi (2.22 x 10^ ) 
2 L = area of punched leaf disc (1.25 cm ) 
SpA = specific activity of COg 
t = exposure time (20 s). 
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The specific activity of the COg was determined by drawing a 
30 ml sample of the gas mixture into each of three 50 ml disposable 
plastic syringes. About 6 mis of NCS were then drawn into each syringe. 
To ensure complete absorption of the labelled gas, the syringes were 
left to stand for 24 hrs, then the contents were emptied into scintilla­
tion vials at 1 ml per vial. Eighteen mis of the scintillation cocktail 
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were then added to each vial and the radioactivity determined. Specific 
activity was then calculated, using the following formula; 
where SpA = specific activity of ~ COg (mCi/mmol CO^ ) 
cpm = summation of Channel A counts 
eff = counting efficiency 
E = conversion factor for dpm to mCi (2,22 x 10^ ) 
V = volume of sample gas (0.090 liter) 
P = 0.0152 (3^ 0 yliter/liter CO^  converted to mmol CO^ /liter). 
2. Biochemical measurements 
Four lesif discs, 1,26 cm in diameter, were punched out from the 
interveinal portions of each of the sampled leaflets into petri dishes 
containing moist filter paper. This gave a total of 6k leaf discs 
per sample in 1976, and 44 in 1977. The leaf discs were randomly 
separated into two equal subsamples. One subsample was quickly 
weighed to determine fresh weight, and then, combined with the leaf 
material remaining after the removal of the leaf discs and oven dried 
at 70 C for 48 hr. The oven-dried material was ground in a Wiley 
mill and stored in glass bottles for nutrient concentration determina­
tion. 
Specific leaf weight was calculated by dividing leaf disc fresh 
weight by leaf disc area. 
The second subsample of leaf discs was homogenized with 4 ml of 
8C^  ethanol in a glass grinder (Duall 25, Kontes Glass Coo, Vineland, 
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New Jersey, U.S.Ae)® The homogenate was decanted and the grinder 
rinsed twice with 4 ml of bO% ethanol per rinse. The rinses were 
combined with the homogenate, then centrifuged at 1000 x g for 5 min. 
The residue was resuspended three times in 4 ml ^ 0% ethanol. The 
supematants were combined, and the volume of the crude extract was 
brought up to 25 ml with SCPS ethanol and processed for chlorophyll 
and a-amino nitrogen content. 
The protein in the residue was solubilized by resuspension in 
10 mis of 0.3 N NaOH and incubated at 37 C for 16 hors. After centri-
fugation at 1000 x g for 5 min and three rinses of the residue with 
5 ml 0.3 N NaOH per rinse, the pooled crude extract was made up to 
25 ml with 0.3 N KaOE and analyzed for soluble protein content. 
Leaf blade chlorophyll content was determined on the basis of 
the O.D. of the extract at 652 nm, according to the method of Amon 
(1949)» in 80% acetone. O.D. was determined using a Beckman DBG 
spectrophotometer in 1976 and a Baush and Lomb Spectronic 20 spectro­
photometer in 1977. 
free «-amino nitrogen was meausured by the ninhydrin method of 
Yemm and Cocking (1955), using L-alanine as standard. 
Soluble protein was measured using the Folin-Ciocalteau reagent 
(Dowry et al., 1951) with bovine serum albumin (BSA Fraction V, Sigma 
Chemical Co., St. Louis, Missouri, U.S.A) as standard. 
Measurements for chlorophyll, amino nitrogen and soluble protein 
were performed in duplicates. 
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Totsil nonstructural carbohdrate concentration of vegetative and 
reproductive parts was determined in 1977, by a combination of the 
takadiastase extraction methods (Smith,. I969) and the ferricyanide 
analysis of reducing power (Ting, 1956). Two hundred mg of ground 
plant materials were hydrolyzed with the enzyme. Analyses were 
expressed as percentages on freeze-dried weight basis. 
Nutrient concentration of plant parts was determined after 
digestion in according to the procedure of Dunphy (1972). 
Seed oil and protein concentrations were determined at the United 
States Regional Soybean Laboratory at Urbana, Illinois in 1976 and at 
the United States Regional Utilization Laboratory, Peoria, Illinois in 
1977. 
3. Other measurements 
Leaflet area, in 1977, was measured on the terminal leaflet of the 
latest fully expanded leaves of five randomly selected plants per plot 
at each sampling date. Their average area, as measured with an 
electronic planimeter (Lambda Instruments Corp., Lincoln, Nebraska, 
2 U.S.A.), was recorded as cm , 
4. Yield measurements 
Seed yield was measured by harvesting the trimmed plots with a 
small plot combine. The harvested seed was air-dried in the laboratory 
to uniform moisture before weighing, 
Tv/o hundred whole seed samples, taken randomly from each plot, were 




Analyses of variance were computed for the physiological characters 
for each year. The mean squares from these analyses are presented in 
the Appendix (Tables 6, 7, 8 and 9)« 
For the purpose of clarity, the results of the soil treatment 
(1977) and of leaf position 2 (1976) are not shown in some of the 
figures, since the I'esults of the soil treatment were similar to those 
of the control, and leaf position 2 did not differ significantly from 
leaf position 1 in any of the characters measured. 
Since leaf position 3 of 1976 and leaf position 2 of 1977 both 
designate the 8th leaf from the top, they will both be referred to 
as the lower leaf position, and leaf position 1 will be referred to 
as the upper leaf position in the results and other sections that 
follow. 
Ac Leaf Blade Nutrient Concentrations 
Figures 1 and 2 depict the relative degrees of mobilization and 
the levels of N, P and K in the leaf blades of sprayed and control 
plants for the two years. îhe estimates of N, P and K concentrations 
in soybean leaf blades presented in this study and the significant 
decline in their concentrations are consistent with previous reports 
from field-grown soybeans (Hammond et al., 1951; Hanway and Weber, 
1971a,b; Kollmaa et al., 1974; Koono, 1977» Pal and Saxeaa, 1977; 
Streeter, 1978). Leaf blade N, P and K concentrations declined in 
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Figure 1. Seasonal trends in leaf blade nutrient 
concentration (percent of dry weight) for 
control and foliar sprayed plants (all 
cultivars and leaf positions) — 1976. 
Arrow indicates time of first spray. PM 
(physiological maturity) was on day 103 
for Chippewa, day 110 for Hark; the 
plotted data at day 105 are the values at 
PM for both cultivars. 
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Figure 2. Seasonal trends in leaf blade nutrient 
concentration (percent of dry weight) for 
control and foliar sprayed plants (all 
leaf positions) in 1977. 
Arrow indicates time of first spray. Hi 
was on day ll4. 
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both the sprayed and control plants in both years, but there was a 
significant treatment x sampling date effect for all three nutrients. 
Generally, in 1976 the drop in leaf blade N concentration between 
the first sampling date (68 days after planting) and physiological 
maturity (PM) was from to 1.6^  for the foliar sprayed plants and 
from 5»8% to 1.^  for the control plants. P dropped from 0.39% to 
0,21% for the sprayed, and from 0.35^ . to 0.16^  for the control plants. 
The values for K were 1.5^  to 1.0^  and 1.6^  to 0.87% for the sprayed 
and control plants, respectively. The picture was virtually the same 
for 1977» vriLth N dropping from 5*8^  to $.6^  between the first sampling 
date (75 days after planting) and the final sampling date (108 days 
after planting - 13 days prior to Hi) for the foliar sprayed, 3»T/o 
to 3»^  for the control, and 3.6% to 3*2^  for the soil treated plants. 
P declined from 0.40^  to 0.2% in the foliar sprayed, from 0.^ 0% to 
0.22% in the control and from 0.40^  to 0.22^  in the soil treated 
plants. The drop in K was from 1,# to 0=9^ * 1^ 7% to 0.63% and 
1,6% to 0,57% for the foliar sprayed, the control and the soil treated 
plants, respectively. 
Except for P in 1976, the decline of nutrient levels in the leaf 
blade started prior to the first foliar nutrient application. The 
foliar application of nutrients however, significantly increased the 
nutrient pools in the leaf blades and tended to either arrest or delay 
the decline in nutrient levels. The foliar spray treatment was more 
effective in 1977 than in 1976 in increasing leaf blade nutrient levels. 
Whereas the increase in the levels of all three nutrients in 1976 was 
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just enough to temporarily arrest the rate of decline, in 1977 the 
increase was large enough to not only arrest the rate of decline but 
also to temporarily reverse the declining trend. The increase in N 
occurred earlier and was greater than that of either P or K» Whereas 
N was increased by 1^  on the third sampling date (after two spray 
applications) over the concentration at the first sampling date, P 
was increased by only 0.02^  on the fourth sampling date (after three 
spray applications) which made it equal to the concentration at the 
first sampling date. For K the increase was 0.0^ , also on the fourth 
sampling date, over the concentration at the third sampling date. 
This seemingly greater effectiveness of the foliar spray treatment in 
increasing the leaf blade N concentration probably reflects the high 
permeability of leaves to urea. According to Franke (I967), the rate 
of penetration of urea into leaves exceeds that of ions by ICL to 20-
fold. Unlike P and K however, the differences in leaf blade K concen­
trations between the foliar sprayed and the control plants seemed to 
disappear late in the season. 
In 197&, based on the dry weights of the leaf disc samples 
(0.40 dm*^  in total area), 64^  of the N was lost from the leaf blades 
in both the sprayed and the control plants between the first sampling 
date and physiological maturity. The cot^ aratiye values for P 
K were; 31% for P in both sprayed and control plants and 199^  and Zf/a 
for K in the sprayed and control plants, respectively. Comparative 
values for 1977 were not computed because sampling in that year was 
terminated before physiological maturity. 
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Whereas no significant treatment x leaf position interaction on 
leaf blade nutrient concentration was detected in either year, there 
were significant date x leaf position effects both years. Except for 
P in 1977 and for Chippewa in 1976, leaf blade nutrient levels were 
higher in the upper leaf position than in the lower leaf position 
during the earlier sampling dates (Figures 3» 4 and 5)» Late in the 
season however, not only did differences between the leaf positions 
tend to disappear, but also in many cases positions tended to be 
reversed in their leaf blade nutrient concentrations. K in Chippewa 
was an exception to this trend (Figure 4B), These trends in nutrient 
redistribution probably reflect changes in source-sink relationships 
associated with the sequential pattern of fruit-aaturation and the 
greater overlap of vegetative and seed growth toward the top in the 
soybean plant. 
Figures 3 and 4 indicate also the relative levels of nutrients in 
the leaf blades of the two cultivar s in 1976. The cultivar differences 
were highly significant, and there was a cultivar x date interaction. 
Since the nutrient concentrations were higher in Hark - the later 
maturing and higher yielding of the two cultivars - these results 
agree with the conclusions reached by Hanway and Weber (1971b) that 
accumulation of N, F and K in adapted soybean cultivars was associated 
primarily with yield differences and usually greater in the later 
maturing cultivars. As was the case with the leaf position differences, 




# UPPER LEAF - HARK 
O LOWER LEAF - HARK 
A UPPER LEAF - CHIPPEWA 
A LOWER LEAF - CHIPPEWA 
-fh 1 1 
70 80 90 
DAYS AFTER PLANTING 
100 
Figure 3. Seasonal trends in leaf blade nitrogen 
concentration (percent of dry weight) at 
two leaf positions, 4th and 8th from the 
top, in two cultivars (all treatments) 
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Figure 4. Seasonal trends in leaf blade phosphorus (A) and 
potassium (B) concentrations (percent of dry 
weight) at two leaf positions, 4th and 8th from 
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Figure 5» Seasonal trends in leaf blade nutrient con­
centration (percent of dry weight) at two 
leaf positions, 4th and 8th from the top 
(all treatments), in 1977• 
Arrow indicates time of first foliar spreiy. 
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disappear late in the season, seemingly suggesting cultivar differences 
not only in the rate and extent of nutrient accumulation, but also in 
the rate and extent of nutrient redistributions This pattern seems to 
be further reflected in the fact that the diffemces in nutrient con­
centrations between the upper and lower leaf positions seem to be 
larger in Hark than in Chippewa, particularly early in the seed-filling 
period. 
B. Senescence 
1. Treatment i^ esponses 
Both foliar and soil nutrient applications failed to delay the 
onset of senescence as judged by the time courses of total photo-
synthetic (TPs) rate (Figure 6), leaf blade soluble protein content 
(Figures 7A and 8A), and chlorophyll content (Figures 9 and 10). In 
both years, the photosynthetic rate, the leaf blade soluble protein 
content and the chlorophyll content started declining at the same 
time and rate in the treated plants as they did in the control plants. 
The only statistically detectable treatment effect was on leaf 
blade free amino acid levels in 1977 (Figure 8B) and in Hark, late 
in the season in 1976 (Figure 7B). In both cases there were signifi­
cantly higher levels of leaf blade free amino N in the foliar sprayed 
than in the control plants, and in 1976 the decline in the free amino 
acid level was significantly delayed in Hark. In 1977 sampling, perhaps, 
was terminated prior to the start of the declining trend. The increases 
in free amino acid levels would seem to be related to the uptake of 
urea, and the difference between the two years in the level of the 
Figure 6, Time-courses of total photosynthetic (TPs) rates in 
control, soil treated and foliar sprayed plants during 
the seed-filling period in 1976 (A) and 1977 (B). 
Data are means over all cultivars and leaf positions. 
Arrow indicates time of first foliar spray, PM was on 
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Figure ?• Time-courses of leaf blade soluble protein content (A) 
and free amino acid content (B) in tvjo soybean cultivars 
in 1976. 
Data are means over all leaf positions, PM vjas on day 105 
and 110 for Chippewa and Hark, respectively. Arrow indi­
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Figure 8. Time-courses of leaf blade soluble protein. (A) and free 
amino N (B) content in the soybean cultivar Corsoy in 
1977. 
Data are means for both leaf positions. Arrow indicates 
time of first foliar spray. 



















SOLUBLE PROTEIN, mg cm 
3> 
Figure 9# Time-course of leaf blade chlorophyll in control and 
sprayed plants in two soybean cultivars across leaf 
positions (A), and at two leaf positions across cultivars 
(B), during the seed-filling period in 1976• 
Arrow indicates time of first spray. FM was on day 103 
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Figure 10# Time-course of leaf blade chlorophyll content at 
two leaf positions in sprayed and control plants 
- 1977. 
PM was on day ll4. 
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treatment effect may be attributable to differences in urea uptake 
between the two years. 
In both years, photosynthetic rates and leaf blade soluble protein 
content (Figures 6, 7A and 8A) of both the control and the treated 
plants tended to increase to a maximum level at about mid pod-filling 
before declining late in the season» In 1976, photosynthetic rate 
declined by $2^  in the sprayed and 609â in the control plants within 
the final three weeks. Leaf blade soluble protein content dropped 
k^ /o in the sprayed and 5^  in the control plants over the same period 
of time. A similar trend was exhibited by the leaf blade free amino 
acid content (Figure 7B). Such trends in photosynthetic rate and 
leaf protein content have been previously reported by several authors 
(Domhoff and Shibles, 1970; Ghorashy et al., 1971; King et al., 
1967; Rawson and Evans, 1971; Thibodeau and Jaworski, 1975; Woodward 
and Rawson, 1976). The peaking of photosynthetic rate during the 
Sêêd-filliag period has bêëii related to an increased requirement for 
assimilates (King et al., 1967; Rawson and Evans, 1971). Woodward 
and Rawson (1976) however, observed that the trend in photosynthetic 
rate was almost identical in podded and partially depodded plants, 
and concluded that photosynthesis in soybeans was not controlled by 
reproductive sink size per se, but might have been influenced by 
growth substances from the roots or from the reproductive tissues at 
critical growth stages. Such hormonal control of photosynthetic rate 
has also been suggested by Loveys and Kriedemann (1974). 
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In 1977» photosynthetic rate seemed slightly higher in the control 
than in the treated plants during the final two sampling dates 
(Figure 6B). The treatment x date interaction was not significant 
however. Little emphasis is, therefore, assigned to this response. 
The onset of the decline in leaf blade soluble protein content 
preceded the decline in photosynthetic rate in both years. In 1977 
however, there was not much of a decline, particularly for photosyn­
thesis; presumably, sampling was terminated too early to detect a con­
sistent declining trend. Since as much as 40 to of the soluble 
protein fraction is associated with ribulose bisphosphate carboxylase 
in Cj plants, including soybeans, (Blenkinsop and Dale, 1974; Medina, 
I97I; Peterson et al., 1975)» the loss of soluble protein may well be 
involved in determining the onset of the decline in photosynthetic 
rate. 
2. Cultivars 
Cultivar differences in photosynthetic rate (Figure 11), leaf 
blade soluble protein content (Figure 7A), leaf blade f^ ee amino acid 
content (Figure 7o) and in leaf blade chlorophyll content (Figure 9A) 
were observed in 1976, and significant cultivar x date interactions 
in all the parameters were also detected. The differences between 
the cultivars in each case seemed to occur late in the season only. 
Likely, this can be related to the difference in maturity date between 
the two cultivars. It is worth noting furthermore, that except for 
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Figure 11. Time-course of photosynthetic rate during the 
seed-filling period in two soybean cultix'ars 
— 1976. 
Data are means for all positions. Arrow indi­
cates time of first foliar spray. 
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started declining at the same time in both ciiltivars, only that the 
rate of decline was more rapid in Chippewa than in the later-maturing 
oultivar, Hark, Except for amino-N in Hark, there was no differential 
oultivar response to the foliar spray treatment for any of the parameters. 
As regards the differential response in amino-N, it would seem as if 
Hark, being later maturing, was physiologically active enough to profit 
more from the fourth or final spray application, considering the seeming­
ly low rate of nutrient uptake in 1976. 
3, Leaf TDOSitioiB 
The statistical analyses failed to detect any significant treatment 
X leaf position interaction for any of the physiological characters in 
either year except for leaf blade chlorophyll content in 1977 (Figure 
10), No consistent or prolonged trend was established however, for 
the interaiction with chlorophyll content to be of any agronomic 
significance. There were nevertheless, highly significant differences 
between the upper and lower leaf positions for photosynthetic rate 
(Figure 12), leaf blade soluble protein content, except for Hark 
(Figure 15Â and 14A), leaf blade free amino acid content (Figure I3B 
and l4B), and for leaf blade chlorophyll content (Figure 9^  and 10). 
The photosynthetic rate at the upper leaf position was almost 
always higher than at the lower leaf position. The leaf position x 
sampling date interaction was significant. Similar position differ­
ences, and the interaction of leaf position and plant age effects on 
photosynthetic rate have been reported for alfalfa (Medicago sativa L,) 
Figure 12. Total photosynthetic rates during the seed-filling period 
at two leaf positions, 4th and 8th from the top, in 1976 
(A) and 1977 (B). 
For 1976, data are means over all cultivars. Arrow 
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Figure 13. Time-courses of leaf blade soluble protein content (A) 
• and free amino ÏÏ content (B) at two leaf positions, 4th 
and 8th from top, in two soybean cultivars — 1976. 
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Figure Ik, Time-course of leaf blade soluble protein content (A) 
and free amino N content (B) at two leaf positions, 
4th and 8th from top, in the soybean cultiver Corsoy 
— 1977. 
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(Wolf and Blaser, 1972) and com (Zea mays L.) (Vietor et al., 1977). 
Such differences between photosynthetic rates of upper and lower leaf 
positions would militate against random sampling for photosynthetic 
rate. 
In 1977, the photosynthetic rates of the foliar sprayed and the 
control plants, at each leaf position, seemed to be more widely 
separated than they were in 1976. At the upper leaf position the rate 
was higher, though not significantly so, in the control than in the 
foliar sprayed plants. The reason for these differences is not readily 
evident. 
The time-course of the leaf blade soluble protein content at each 
of the two leaf positions differed significantly between the two 
cultivars in 1976 (Figure 13A). In Hark, higher levels of soluble 
protein were measured in the lower than in the upper leaf position 
during the first three sampling dates; there were no differences, 
however^  in the final four sampling dates. In Chippewa on the other 
hand, whereas there was little difference between the two leaf positions 
during the first two sampling dates, the upper leaf position was 
consistently higher in leaf blade soluble protein content during the 
final four sampling dates. The trend in Hark does not reflect the 
differences between the leaf positions in photosynthetic rate (Figure 
12). 
There was also a highly significant cultivar x leaf position inter­
action on leaf blade free amino acid content in 1976 (Figure 15B). 
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Whereas free amino acid content in Chippewa was consistently higher 
in the upper leaf position, except at the first sampling date, there 
was no consistent trend in Hark except at the final four sampling 
dates. During that period the upper leaf position measured consistently 
higher, a trend that does not seem to bear any relationship to that 
exhibited by soluble protein content (Figure 13A). 
The differences between the leaf positions in their leaf blade 
chlorophyll content occurred early during the sampling period and were 
reduced and less consistent late in the season (Figure 9® and 10). 
The significant date x leaf position interaction in both years appears 
to point out the fact that chlorophyll content was higher in the lower 
leaf position early in the season. This, presumably, was largely a leaf 
age effect. 
C. Total Nonstructural Carbohydrates 
Trends in total nonstructural carbohydrate (TNC) concentration 
in various plant parts are presented in Figure 15. The TNC levels are 
in close agreement with previous reports in soybeans (Dunphy and 
Hanway, 1976; V/ilson et al., 1978). 
Both foliar and soil nutrient applications failed to arrest or 
prevent the decline in carbohydrate concentrations in the various 
plant parts. The decline in TNC levels \d.th sampling date (or plant 
age) was statistically highly significant. 
A highly significant treatment effect was detected, reflecting a 
0.99^  drop in carbohydrate concentration in the soil treated plants 
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Figure 15 Trends in total nonstructural carbohydrate concentration 
(percent of dry weight) in various soybean plant parts 
during the seed-filling period — 1977. 
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relative to the concentration in either the control or the foliar 
sprayed plants. Considering the fact that a corresponding response 
was not obtained in the other parameters, not much can be said about 
this treatment effect. 
A highly significant plant age x plant part interaction in carbo­
hydrate concentrations was also detected. The decline in carbohydrate 
levels in the plant parts occurred between the 3rd and the 4th sampling 
dates - 104 to ll4 days after planting or just before physiological 
maturity. %ereas carbohydrate concentration in the leaf blades dropped 
from iSeT/o to iSe&A within the ten-day period, the declines in the 
steme, petioles and pods were from l6.^  to 6.^ , 14.9% to $.6^  and 
from 21.0% to 7.9%, respectively. TNC levels declined in the seeds 
also. 
Significant differences in TNC among plant parts were detected. 
The leaf blades and the pods contained significantly higher levels of 
carbohydrates than the stems and petioles. 
D, Leaf Size and Specific Leaf Weight 
There was no statistical evidence for any change in either leaf 
size (Figure lô) or specific leaf weight (Figure 1?) as a result of 
the treatment. Leaf area is reportedly influenced by nitrogen 
(Andreeva et al,, 1972; Dale, 1972; Osman et al,, 1977; Thomas and 
Thome, 1975)« The absence of a treatment effect on leaf area in 
this study justifies the expression of the physiological characters on a 
leaf area basis. Expression of the results on a dry weight bsisis did 













# FOLIAR SPRAYED 
O CONTROL 
A SOIL TREATMENT' 
y/-i- 1 1 1 J— 
70 80 90 100 110 
DAYS AFTER PLANTING 
Figure l6. Trends in leaf size in sprayed and control plants 
during the seed-filling period — 1977" 
Arrow indicates time of first spray. 
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Figure 17. Trends in specific leaf weight at two xeai 
positions in sprayed and control plants during 
the seed-filling period — 1977. 
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A reciprocal relationship between leaf area and specific leaf 
weight was observed. V/hereas leaf size or area decreased consistently 
and significantly with sampling date, specific leaf weight increased 
consistently up to the 4th sampling date and then remained rather 
constant. Presumably, with age, specific leaf weight increased at 
the expense of leaf area. 
Specific leaf wieght was consistently and significantly higher 
in the upper than in the lower leaf position. 
E, Seed Yield and Yield Characteristics 
Responses in yield and yield components are presented in Table 2. 
A positive but nonsignificant yield response was obtained in 1976, 
but more so with the lower yielding cultivar, Chippewa, The yield 
increase was 270 kg/ha over the control for Chippewa, and 63 kg/ha 
for Hark, A corresponding response was obtained for number of pods 
per plant, indicating that the yield increase resulted from the 
retention of more pods. 
Statistically significant reciprocal responses of seed protein and 
oil concentrations to the treatment were observed in 1976 in the 
cultivar Hark, V/hile seed protein v;as significantly increased by 
foliar nutrient application, seed oil was decreased significantly. 
No statistically significant changes in response to the treatments 
were observed in any of the other yield characteristics measured. 
In 1977, the statistical analyses revealed no significant differ­
ences between treated and control plants in yield or any of the yield 


















Hark - 1976 
Control 2844 73.3 15.4 21, .2** 41.2** 6.94 0.65 2.1 
Foliar sprayed 2907 84.5 15.6 19. 9 42.6 7.04 0.64 2.1 
Chippewa - 1976 
Control 2486 60o4 15.2 20. 6 4o.7 6.74 0.59 1.9 
Foliar sprayed 2756 74.3 15.4 20. 3 41.6 6.87 0.58 1.9 
Corsoy -• 1977 
Control 3899 16.1 20. 6 38.4 6.58 0.60 1.9 
Foliar sprayed 4038 16.3 19. 9 39.4 6.83 0.62 1.9 
Soil treatment 3764 15.8 20. 7 38.6 6.81 0.62 1.9 . 
2^^ 6 moiBture,, 
** Indicates significance at the 0.01 level of probability© 
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characteristics measured, but a yield increase of 139 kg/ha over the 
control was obtained in the foliar sprayed plants, 
F, Correlation and Regression Analyses 
Pearson product moment correlations were computed to compare the 
physiological parameters and to assess their association with leaf 
blade nutrient concentrations. This was done separately for each 
year and the results are presented in Tables 3 and 4= The effect of 
leaf blade nutrient concentrations on photosynthetic rate was quanti­
tatively assessed by regression analyses of photosynthetic rate on 
leaf blade N, P and K concentrations, testing both linear and quadratic 
relationships, in 1976. The results of the multiple regression 
analysis are presented in Table 5* The quadratic relationships were 
not significant. The linear term of N was highly significant and had 
an R-square value of 0.40, indicating that including P and K as 
independent variables (Table 5) did not improve the fit. 
Both the regression and the correlation analyses were done on an 
individual sample basis. The regression analyses were done on the 
1976 data only because the 1977 data were not complete in representing 
the seasonal trends, 
Photosynthetic rate, leaf blade soluble protein content and 
chlorophyll were highly and positively correlated with leaf blade N, 
P and K concentrations in both years, except for photosynthesis and P 
and K in 1977* The relationship in each case was stronger for N than 
for any of the other two nutrients, and the rather weak relationship 
Table 3» Product moment correlations for parameters, across sampling dates (1976) 
I^rameter 1 2; 3 4 5 6 7 
1. TPs 0.52** -0.33 0.38** 0.64** 0.53*"' 0.43** 
2. Protein 0.3I** 0.33** 0.31** 0.22** 0.21** 
3. Amino-N 0.6I** 0.01 -O.I7 -0.09 
4. Chlorophyll O.7O** 0.42** O.3I** 
3. N 0.72** 0.68** 
6. P 0.64** 
7o K 
»• Indicates significance at the 0.01 level of probability; n = 224 
Table 4. Rroduct moment correlations for parameters, across sampling dates (1977) 
Parameter 12 3 4 3 6 7 8 
1. TPs 0.30»» 0.07 0.27** 0.26** 0.07 -0.03 O.36** 
2. Protein 0.02 0.74** 0.64** 0.52** O.36** 0.09 
3. Araino-N -0.26*# -0.28** -O.I9** -0.37** -0.26*$ 
4. Chlorophyll 0.82** O.7I** 0.62** -0.26»* 
5. N 0,91** 0.82»* -0.30** 
6. P 0.89** -0.38** 
7. K -0.54** 
8. SLW®-
^Specific leaf weight. 
** Indicates significance at the 0.01 level of probability; n = 224, 
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Table 5* R-square and F-values from regression analysis of total 
photosynthesis on leaf blade N, P and K concentrations (1976) 
Dependent Independent Regression Multiple 
variable variables coefficients df F-values R2 
TPs N 0.34 + 0.05 1 37.82** 0.41 
P 0.04 + 1.15 1 0.00 
K 0.25 + 0.20 1 1.47 
intercept 1.05 + 0.20 (220)* 
r^ror df. 
Indicates significance at 0,01 level of probability. 
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between photosynthetic rate and leaf P and K concentrations is 
reflected in the failure to detect a significant correlation in 1977* 
Photosynthetic rate correlated highly and positively with leaf 
blade soluble protein content and with chlorophyll content in both 
years, but more strongly in 1976. 
Leaf blade free amino acid content did not show any consistent 
relationship with other characters between the two years. 
N, P and K were strongly and positively correlated among themselves 
in both years, probably reflecting the similarity of their accumulation 
and redistribution profiles (Hanway, 1976; Hocking and Pate, 1977)• 
In 1976, a highly significant but negative correlation was detected 
between seed oil and seed protein concentration (r = -0.97), reflecting 
their usual reciprocal relationship. 
Specific leaf weight, in 1977» was significantly and positively 
correlated with photosynthetic rate (r = O.36), but significantly and 
negatively correlated with free amino acid content (r = -0-26), 
chlorophyll content (r = -0.26), %N (r = -0.30), %P (r = -O.38) and 
% (r = -0.54). 
The regression analyses revealed that leaf blade N, P and K 
concentrations accounted for of the variation in photosynthesis in 
1976, but that N concentration was the only significant variable and 
accounted for virtually all of the nutrient effect. 
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V, DISCUSSION 
The maintenance of prolonged physiological competence during the 
reproductive or seed-filling period may, indeed, be crucial for 
increasing soybean yields. It is, thus, essential that the causative 
factor(s) involved in the induction of senescence be clearly identified. 
The role of nutrient depletion in the leaves as the causative or 
critical factor in soybean senescence was evaluated by determining the 
timing of the decline in leaf blade nutrient concentrations relative to 
the onset of senescence, as judged by the time courses of leaf blade 
soluble protein content, leaf blade chlorophyll content and total 
photosynthetic rate. 
A, Redistribution of Elements 
Complete inventories of nutrient concentrations for the different 
plant parts at various stages of plant development were not worked out 
in this study. However, based on the data of several authors (Hanway 
and Weber, 1971b; Henderson and Kamprath, 1970; Kollman et al,, 1974; 
Konno, 1977) indicating that the loss of nutrients from senescing leaves 
in soybeans is counterbalanced by corresponding increases in seeds, it 
can be reasonably presumed that a large proportion of the elements lost 
from the leaves in this study were rêdistributêd to the seedso 
The substantial proportion of nitrogen lost in the leaves of the 
sprayed plants, relative to the proportion of P and K lost, would seem 
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to suggest that, whereas the depletion of P and K in the leaves can be 
significantly arrested or reduced, the depletion of N cannot be abated 
by foliar nutrient application at the rates used in this study or by 
increasing the size of the storage reservoirs in the leaves at the levels 
achieved in this study. 
The relatively high degree of N remobilization from the leaves 
presumably reflects the plant's uniquely high nitrogen requirements, 
as suggested by Sinclair and de Wit (1975; 1976), having both a high 
protein and lipid content. The significance of nitrogen in the plant 
is further emphasized by its stronger association with the physiological 
characters than that of either P or K, as indicated by the substantially 
larger linear correlation coefficients obtained for N in both years and 
its greater influence on photosynthesis as reflected in the regression 
analyses. Studies on the relationship between photosynthetic rate 
and leaf nitrogen concentration have provided parallel results (Brown, 
1978: Osman and Milthorpe, 1971; Takano and Tsunoda, 1971)• This 
association however, does not seem to be the controlling factor per se 
of senescence in soybeans, since the regression model accounted for 
only k1% of the variability in the photosynthetic rate. 
B. Senescence 
The time-courses of leaf blade soluble protein content, leaf blade 
chlorophyll content and photosynthetic rate are criteria considered to 
be indicative of the degree or rate of senescence in leaves (Beevers, 
1976; Lindoo and Nooden, 1976; Mondai et al,, 1978; Wareing and Seth, 
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1967; Wittenbach, 1977» Woolhouse, 1978). Changes occurring prior 
to the onset of the declining trend in these physiological characters 
would seem to qualify as causal agents of senescence. 
The decline in leaf blade N, P and K concentrations preceded 
the onset of senescence, indicating a somewhat early mobilization of 
nutrients from the leaves. It would seem that an earlier application 
of the treatments might have been appropriate. However, the decline in 
leaf blade nutrient levels was occurring at a time when photosynthetic 
rates and leaf blade soluble protein content were peaking and also, 
the significant increa.se in nutrient concentrations obtained by foliar 
nutrient application failed to either delay the onset or alter the time-
course of senescence. Thus, senescence - as depicted by the time-
courses of leaf blade soluble protein content, chlorophyll content and 
photosynthetic rate - was not closely synchronized with the decline in 
leaf blade nutrient concentrations. 
The precision of the comparisons between the leaf blade nutrient 
concentrations and the physiological characters in their time-courses 
should be high, since all the parameters were determined on the same 
leaf materials at each sampling date, and thus, the environmental 
variance or other influences should have been minimal. Therefore, since 
ssnsscence, in this study, was largely independent of or at least only 
partly related to the leaf blade N, P and K concentrations, it would 
seem that the depletion of nutrients in the leaves as a causative factor 
in soybean senescence can be discounted, agreeing partly with the con­
clusion reached by Derman et alo (1978) and Leopold et al, (1959). 
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There continues to exist, in spite of the tremendous amount of 
research interest that has and is still being devoted to this area of 
plant development, a lack of definitive conclusions concerning the 
mechanism of senescence in monocarpic plants. The observations that 
depodding, deseeding or deflowering can reverse or delay senescence 
(Chin et al., 1977; Leopold et al,, 1959; lenz and Williams, 1975; 
Lindoo and Nooden, 1976), that photosynthetic rate in field-grown 
soybeans declined normally irrespective of the presence of developing 
pods (Mondai et al., 1978)» that photoperiod is a strong influencing 
factor (Gianfagna and Davies, 1978; Thomas and Raper, 1976), that 
exogenous application of NAA and BA delays or prevents senescence 
(Biswas aiid Choudhuri, 1977; Kahanak et al., 1978; Wittenbach, 1977)» 
that protein degradation and thus senescence may be controlled by 
increases in the levels of proteolytic enzymes in the leaves of 
cereals (Bailing et al.» 1977; Feller et al., 1977; Martin and Thimann, 
1972; Peterson and Huffaker, 1975) but not in legumes (Feller, 1978: 
Eagster et al., 1978), that a genetic mechanism controls soybean 
senescence (Abu-Shakra et al., 1978; Kahanak et al., 1978) and that 
an irreversible stage exists in the process of senescence (Lindoo and 
Nooden, 1977; Wittenbach, 1977) indicate that the process of senescence 
is a function of intrinsic controls and seems closely tied to ontogenetic 
events in parts of the plant, particularly the fruits. 
The available evidence of hormonsil involvement does not go much 
beyond the descriptive stage, yet it has provided a definite notion 
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that plant hormones have a decidedly regulatory function in monocarpic 
senescence. Experimental evidence for the direct involvement of a 
faruit-produced "senescence factor" in the senescence of soybeans and 
peas (Pisum sativum L,), is accumulating (Gianfagna and Davies, 1978; 
Lindoo and Nooden, 1977; Woolhouse, 1974), although such a factor 
cannot account for the sequential leaf senescence that occurs prior 
to fruiting, indicating the complexity of the mechanism involved. 
Interactions between endogenous factors and external stimuli, such as 
photoperiod, have always tended to show such bewildering complexities, 
and it would not be unlikely that such an interaction is involved in 
monocarpic senescence. 
Whatever the actual mechanism or combination of mechanisms involved, 
it is now fairly well-established that senescence is accompanied by 
decreased protein synthesis or increased protein degradation (Beevers, 
1976; Woolhouse, 1978). The negative results obtained in this study 
would seem to indicate that maintaining high nutrient status in leaves 
of soybeans, does not necessarily sustain the synthesis of enzymes and 
other proteins, or delay their degradation. It is possible that 
adequate levels of nutrients, particularly N, were not achieved in 
the leaves. The complexity of the metabolic pathways involved in 
nitrôgcû metabolism aiid the multiplicity of the products of its 
metabolism might have militated against the maintenance of high or 
adequate levels of N in the leaves. Since it is conceivable that the 
events of senescence are mediated by a programmed regulation of protein 
synthesis, as suggested by Beevers (1976) and as implied in the results 
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of Martin and Thimann (1972), nutrient application simply cannot abate 
it, although it might overcome deficiencies in certain nutrient stress 
situations. 
A further complication in the interpretation of the results of this 
study is that significant yield responses were not obtained. Hence, 
it is really not known what foliar nutrient application does in cases 
where yield responses occur. If there had been a yield response, 
interpretations relative to senescence and foliar nutrition could have 
been clearer, and conclusions firmer. 
The failure of foliar nutrient application to delay the decline 
in the assimilatory capacity of the soybean plant is further emphasized 
by the significant decline in carbohydrate concentrations in the various 
plant parts. The results highlight the significance of the stems, 
petioles, and pods, as opposed to the leaf blades, as temporary 
reservoirs of seed-bound carbohydrates, agreeing with the results of 
several authors (Brevedan et al., 1977; Dunphy and Hanway, 1976; 
Kollman et al., 1974). The decline in TNC in the seeds is attributable 
to the synthesis and deposition of macromolecules, such as lipids and 
proteins, that accompany seed maturation. 
C.. Seed Nutrient Levels 
Foliar nutrient application did not significantly increase nutrient 
concentrations in the seeds, and the decline in nitrogen in the leaves 
of the sprayed plants was not proportionately reflected in increases in 
the seed nitrogen and protein concentrations, even though Wilson et al. 
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(1978) suggested that the soybean seed had the potential for enhanced 
protein accumulation. The significant increase in seed protein concen­
tration in 1976 seemed to have occurred at the expense of seed oil 
concentration, which also seems to have been the case, to a large 
extent, in the results of Wilson et al. (1978). 
Seemingly, a significant amount of the N or urea taken up by the 
leaves was utilized in the synthesis of free amino acids and, perhaps, 
distributed to plant parts other than the seed (Cooper et al., 1976). 
The difference between the two years in the timing and magnitude of 
amino acid synthesis is probably a reflection of the relative amounts 
of N taken up, with apparently greater amount of uptake in 1977 than 
in 1976. The triggering of amino acid synthesis by N supply to leaves 
accords with the results of several studies involving the feeding of 
various forms of nitrogen to leaves. Piatt et al. (1977) and Plaut 
et al. (1976) reported that exogenously supplied N0^ ~ as well as 
increased amino acid formation during photosynthesis with CO^  in 
alfalfa leaf discs. Similar observations on the regulatory role of 
nitrogen in leaf amino acid synthesis have been reported by Gavin and 
Atkins (1974) and Blackwood and Miflin (1976) with com. This effect 
of nitrogen has been attributed to the direct activation of the enzyme 
pyruvate kinase (Piatt et al., 1976; 1977). 
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VI. SUMMARY MD CONCLUSIONS 
Foliar nutrient application significantly increased the pools of N, 
P and K in the leaf blades of soybeans, and tended to either arrest, 
delay or temporarily reverse the decline in the concentrations of 
these nutrients in these plant parts. N, P and K concentrations 
declined significantly in the leaf blades of both the sprayed and 
the control plants in both years, with of the N and 37^  of the 
P lost in both the sprayed and the control plants in 1976. Nineteen 
percent of the K was lost in the sprayed and 2^  in the control 
plants in the.same year. 
A substantial proportion of N was lost from the leaf blades of 
the sprayed plants, relative to the proportion of P and K lost, 
suggesting that, whereas the depletion of P and K in the leaves can 
be significantly reduced, the depletion of N cannot be abated by 
foliar nutrient application at the rates used in this study - or by 
increasing ths size of the storage reservoirs in the leaves at the 
levels achieved in this study. 
The redistribution of leaf blade N, P and K preceded the onset 
of senescence but the two processes were not closely synchronized 
and seemed only partly related, indicating that the depletion of 
nutrient levels in the leaves as a causative factor in soybean 
senescence can be discounted. 
No treatment responses in photosynthetic rate, leaf blade soluble 
protein content, leaf blade chlorophyll content, total nonstructural 
76 
carbohydrate concentration in leaf blades, stems, petioles, pods and 
seeds, in seed nutrient concentrations, in seed yield, and in 
yield characteristics, except in 1976, were obtained. Free 
amino acid levels were however, significantly higher in leaf blades 
of foliar sprayed than in the control plants in 1977» and in Hark, 
late in the season, in. 1976. 
Cultivar differences in leaf blade N, P and K c:uucentrations, 
in photosynthetic rate, leaf blade soluble protein content, leaf 
blade free amino acid content and leaf blade chlorophyll content 
were observed in 1976 - but only late in the season, except for the 
nutrient concentrations in which the differences occurred early 
and tended to disappear late in the season. Except for leaf blade 
free amino acid content and seed oil and protein concentrations in 
Hark, there was no differential cultivar response to the foliar 
spray treatment for any of the parameters. 
The statistical analyses failed to detect any significant 
treatment x leaf position interaction for any of the parameters in 
either year except for chlorophyll in 1977» However, significant 
sampling date x leaf position interactions on leaf blade N, P and 
K concentrations were detected and highly significant differences 
between upper aad lower leaf positions in photosynthetic rate^  leaf 
blade soluble protein content, except for Hark, leaf blade free 
amino acid content and leaf blade chlorophyll content were observed. 
Photosynthetic rate was almost always higher in the upper than, in 
the lower leaf position in both years, but there were highly significant 
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cultivar x leaf position effects on leaf blade soluble protein and 
free amino acid contents in 1976, Leaf blade nutrient concentrations 
tended to be higher in the upper than in the lower leaf position 
during the earlier sampling dates, but, late in the season, the 
differences tended to disappear and in some cases the leaf positions 
were reversed in their nutrient concentrations. 
The negative results obtained in this study do seem to indicate 
that maintaining a high nutrient status in the leaves of soybeans 
does not necessarily delay the onset of senescence. Interpretation 
of the results is particularly complicated by the absence of significant 
yield responses. Hence, it is really not known what foliar nutrient 
application does in cases where yield responses occur. 
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APPENDIX 
Table 6, Mean squares from the analyses of variance for physiological 
characters — 1976 
Source of 
variation df TPs Protein 
Blocks 3 0.12 0.12 
Treatment (T) 1 0.012 0.004 
Error 3 0.27 0.004 
Oultivar (C) 1 10.40** 1.71** 
T X C 1 0.0006 0.16 
Pooled error 6 V, 0.14 0.033 
Leaf position (P) 2 (l)t 24.37** 0.14** 
T X P 2 (1) 0.013 0.006 
C X P 2 (1) 0.07 0.12** 
T X 0 X P 2 (1) 0.05 0.019 
Pooled error 12 (6) 0.03 0.014 
Sampling dates (D) 6 17.65** 7.06** 
D X T 6 0.15 0.04 
D X C 6 0.99** 0.27** 
D X P 6 1.25** 0.04 
D X T V C 6 0.11 0.04 
D X T X P 12 (6) 0.06 0.02 
D X T X 0 X P 12 (6) 0.10 0.02 
Residual lS6 U20; 0.l4 0.05 
\ 10 ^  for actual mean squares. 
TPS measurements were at only two leaf positions, figures in 
parentheses indicate df associated with PTs terms. 
Chlorophyll data were analyzed for 5 instead of 6 sampling dates, 
figures in parenthese indicate df associated with chlorophyll terms. 
I^ndicate significance at the 0.05 level of probability, 
«^Indicate significance at the 0.01 level of probability. 
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Table 7» Mean squares from analyses of variance for yield and yield characteristics - 1976 
Source of Seed Seed Seed Seed Seed Seed 
variation d-f Yield Pods/plant wt 9^ protein % oil % N % P 96 K 
Block 31 4.02 0.15 0.06 0.02 0.07 0.0001 3.43 
Treatment (T) 2. 29.16 30.17 0.03 3.76** 2.81** 0.054 0.0005 0.02 
Error 31 8.92 10.77 0.03 0.04 0.14 0.048 0.0002 2.18 
Cultivar (C) 1 65.61** 82.88 0.14 2.40** 0.05 0.138 0.016** 92.64** 
T X C 1 10.89 4,. 08 0.53 0.36 0.86* 0.002 0.00002 0.12 
Residual 6 4.47 25 ..68 0.23 0.12 0.08 0.036 0.00033 1.24 
•Indicates significance at the 0,05 level of probability. 
••Indicates significance at the 0«01 level of probabilityo 
Table 8a. Mean squares from the analysis of variance for physiological 
characters and specific leaf weight (SLV/) — 1977 
Source of 
variation df TPs • Protein Amino-N^  
Blocks 4 0.51 0.02 0.14 
Treatment (T) 2 0.04 0.012 8.20** 
Error 8 0.08 0.009 0.42 
Leaf position (P) 1 6.22** 0.25** 17.10** 
T X P 2 0,013 0.00004 0.13 
Pooled error 12 0.06 0.003 0.09 
Sampling date (d) 5 2.08** 0,41** 26.16** 
D X T 10 0.08 0.01 0.63** 
D X P 5 0.43** 0.012 0.21 
D X T X P 10 0.06 0.0014 0.20 
Residual 120 0.08 0.0102 0.19 
\ for actual mean square values, 
P^lant parts instead of leaf positions for TNG. 
d^f associated with the respective sources of variation 
for TNGe 
I^ndicates significance at the 0.05 level of probability. 
••Indicates significance at the 0.01 level of probability. 
96 N % 96 K Chlorophyll® SLW TNC 
0.27 18.93 0.02 0.37 0.014 8.61 
2.05** 260.14*» 0.07 0.34 0.032 28.82*» 
0.22 16.78 0.02 0.49 0.058 3.07 , 
11.83** 321.33** 0.07** 0.25** 1.083** (4)^: 1141.39** 
0.09 6.24* 0.002 0.31* 0.005 (8) 6.29 
0.05 1.12 0.002 0.059 0.014 (48) 3.33 
24.37** 897.32** 0.42»* 49,98** 1.472** (3) 1125.22** 
o.o8* 18.99** 0.011** 0.15 0.023 (6) 4.03 
0.83** 52.70** 0.03** 2.01** 0.021 (11) 86.19** 
0.03 42.00** 0.0008 0.09 0.003 (22) 2.75 
0.034 2.93 0.001 0.17 0.005 (68) 2.58 
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Table 8b, Mean squares from analysis of variance for leaf size - 1977 
Source of 
variation df. Leaf size 
Block 4 15,66 
Treatment (T) 2 14.44 
Error 8 24.8) 
Sampling dates (D) 5 933.64»* 
D X T 10 11,06 
Residual 60 8.85 
I^ndxcabss sxguifxcôiicê at tlic 0*01 lêVcl of prouabilityo 
Table 9o Mean squares from the analyses of variance for yield and yield characteristics - 1977 
Source of Seed Seed Seed Seed Seed Seed 
variation df Yield weight % oil % protein 96 N % P % K 
Block 4 122284.7 0.3^ 0.049 0.312 0.023 0.0005 0.0003 
Treatment 2 93642.3 0.32 0.853 1.208 0.094 0.0007 0.0001 
Residual 8 139192.2 0.l4 0.364 0.460 0.074 0.0010 0.0005 
